IC-Quartz watches have been manufactured since the appearance of CMOS-LSI about seven years ago. Nowadays, the outside view of the quartz watch is the same as that of a mechanical watch through minimizing electronic parts such as battery, crystal oscillator, capacitor, and IC packaging volume. Recently, IC packaging technology for electronic wrist watches (both the analog quartz watch and digital quartz watch) has made a step foward. In Japan, some watch makers adopt a film carrier assembly technique for producing thin and low-priced watches. They are using 3 layers and 35 mm wide film which fits very well the substrate of the quartz watch, especially the digital quartz watch.
INTRODUCTION
There are several general requirements about IC packaging technique for a watch, such as miniaturization of packaging volume, inexpensiveness, reliability, design flexibility and production flexibility. In the case of the watch module, the most important requirement is miniaturization of packaging volume. It is not necessary to consider the dissipation of heat because of the low power consumption, nor consider standardization because of using a specifically designed CMOS-LSI and substrate.
In Table I , three bonding methods-wire bonding, face down bonding (Flip Chip) Figure 5 in consequence of heat stress which occurs when the LSI is bonded face down to the PCB), also depends on the distance (h) and is indicated in Figure 4 .
The devices were tested after encapsulation by examining the bonding after the environmental and mechanical tests. 
Encapsulation
With regard to a wrist watch substrate the encapsulation volume is always kept to a minimum. Diagrams of some sample encapsulations are shown in Figure 6 , which shows the actual dimensions of the substrate for an analog quartz watch. Figure 6 , Type B using transfer moulding. In Types C and D, the plastic frame which is normally supplied around the LSI and the epoxy resin is provided by potting. In all of the samples (Types A, B and C) above, the packaging volume is reduced. The packaging volume of Type A is reduced to one-third of that of Type D (wire bonding) provided that the size of the die is the same. The above three types (Types A, B and C) are similar in reliability to each other and the reliability is rather higher than conventional watch substrates, like Type D, shown in Figure 6 . After encapsulation of the LSI, the crystal oscillator, trimmer condenser and the other parts are soldered onto the PCB.
Reliability
The substrates after encapsulation were tested under the following environmental conditions: 1) Temp. cycles -45 to 125C 100 cycles 2) Humidity 65C 95% RH 1000 hours 3) High temp. storage 125C 1000 hours 4) Biased high temp. life 65C 1.8 V 100 hours
The substrates were also tested in a completed watch using mechanical shock and vibration.
The rate of failure occurrence in relationship to the number of temperature cycles is shown in Figure 7 . Figure 6A , the total thickness including the watch case is 3 mm using a 0.9 thick battery. The completed substrate and movement of the Caliber 790 is shown in Figure 8 . In the future flip chip and mini-mod techniques will be tested further to overcome the problems of applying IC packaging techniques to quartz watches in actual production conditions.
